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Abstract of CRADA work:
Blade testing is required to meet wind turbine design standards, reduce machine cost, and reduce the technical and financial risk of deploying mass-produced wind turbine models. NREL's National Wind Technology Center (NWTC) in Colorado is the only blade test facility in the U.S. capable of performing full-scale static and fatigue testing of multi-megawatt-scale wind turbine blades. Rapid growth in wind turbine size over the past two decades has outstripped the size capacity of the NWTC blade test facility leaving the U.S. wind industry without a suitable means of testing blades for large land-based and offshore turbines.
This CRADA will develop and commercialize testing technologies and test equipment, including scaling up, value engineering, and testing of equipment to be used at blade testing facilities in the U.S. and around the world.
Summary of Research Results:
This CRADA resulted in the successful commercialization of a wind turbine blade fatigue test system. The hardware and control software for this fatigue test system were developed by MTS in collaboration with NREL. The system used for testing is called the Universal Resonance EXcitation (UREX) test system (see subsequent UREX photographs). MTS has sold UREX systems to multiple blade test labs as a result of this CRADA. The UREX is currently the only known wind turbine blade fatigue test system available in the market as a commercial product.
The UREX utilizes a blade test technology developed at NREL prior to this CRADA. This technology is a method of conducting accelerated fatigue tests of full-scale wind turbine blades. Testing is conducted at the fundamental resonant frequency of the blade test system. This technology provides an efficient means to input fatigue loads into a wind turbine blade test article. The loads are introduced to the test article through the oscillation of mass at the fundamental frequency. NREL licenses this technology to MTS for the UREX systems manufactured and sold by MTS.
The following activities were completed through this CRADA:
• 
UREX configured for edge-wise fatigue test to 50m blade (PIX 20445)
As series of tests demonstrating the performance of the MTS UREX system were conducted at NREL, at the National Wind Technology Center near Boulder, Colorado. These trials were developed to test the UREX system under conditions and events that would normally be observed during blade testing of mega-watt scale blades. Testing was conducted on a 50-m blade used for a 2+ MW machine. Raw data from the testing is proprietary to the blade manufacturer.
Initial testing focused on flapwise testing, where the UREX actuators were aligned in the blade's flapwise orientation, providing load excitation (actuator displacement) at the system's flapwise natural frequency. During the initial testing, the system was tuned for safe and stable operation. Tuning included programming the MTS servo-control system parameters and feedback systems to obtain a stable control which matched the desired command. The primary sensor used for feedback in the testing was an accelerometer. System hydraulics were tuned through adjustments to accumulator preload settings. The interface between the MTS hydraulic controller and the data acquisition system was checked and verified to have proper communication. The initial test runs used a light oscillating mass attached to the UREX actuators, about 170 kg for each actuator, ramping the displacement of the UREX actuators. For each increment of oscillating weight the system was demonstrated to be stable. Load cases were run to establish the sensitivity of the response to the control frequency.
Once operation at target test loads was achieved, the test matrix was expanded to include operational cases to include off-resonant operation, edgewise, torsional, and combined loading cases. The system was operated varying the frequencies and displacements of the UREX actuators to achieve pure edgewise loads with flap excitation. Dual axis cases were tested and evaluated by running one UREX actuator at the flap natural frequency and one at the edge natural frequency. Similar testing was conducted at the flap, edge, and torsional natural frequencies. Cases were run whereby the phase lag between actuators was modified. The MTS resonant tracking software was demonstrated for several load cases. The following table provides a top-level view of the load cases performed during the demonstration test. 
